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Abstract 
 
In many countries of Central Europe is a stock of existing buildings from 1950’s to 1980’s featuring original panel curtain walls. 
These envelope structures are now at the end of their service life and thus replacement solution is needed. 
There are various replacement alternatives such as aluminium, steel or steel-plastic panels, but these structures have typically 
high amounts of embodied energy and carbon footprint. Within national research project Intelligent Buildings, Czech Technical 
University in Prague has developed a timber-based curtain wall system called Envilop. The paper presents its development and 
laboratory testing. Properties of Envilop were proven by modeling, calculations and experiments inline with actual standards on 
curtain walls systems and in addition life cycle assessment (LCA) was performed. Heat and moisture simulations proved that 
does not suffer from thermal bridges and has U-values at levels suitable for passive housing; air tightness testing proved high 
quality of design. LCA calculations compared the system to aluminum-based alternative and show significant potential to savings 
in embodied energy and carbon footprint by using Envilop. 
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1. Introduction 
 
European reserves of fossil fuels are limited and Member States have high but varying levels of energy 
dependence, which means that they are vulnerable to energy price shocks or energy supply disruptions [1]. 
Efficiency of energy production and consumption became a key subject of European legislation and regulation of the 
recent years [2]. Proposed targets of 20% reduction in primary energy consumption in EU until 2020 focus on the 
sectors with the highest saving potential for the lowest investment – transportation and construction industry. The 
global contribution from buildings towards energy consumption, has steadily increased reaching figures between 
20% and 40% in developed countries, and has exceeded the other major sectors: industrial and transportation [3]. 
The major energy saving potential in buildings is in the operational energy consumption, however with recent 
improvement of energy performance standards the significance of embodied energy rises [4]. 
 
2. Background 
 
2.1. Typology 
 
Work presented in this article focuses on renovations of non-residential buildings featuring curtain wall (CW) 
façades built in the former Czechoslovakia between 1960 and 1990. In the category are office buildings, schools, 
retail centers, medical centers, police and fire brigades stations, restaurants and hotels. 
 
2.2. Typical issues of the building stock 
 
The subjected buildings, very progressive and modern-looking when initially built, now after 25-55 years of 
operation suffer with various problems. One subset of the issues can be assigned to CWs: 
 
x Insufficient thermal insulation and insufficient air tightness and related winter discomfort and high operation cost 
x Lack of shading devices resulting in summer overheating 
x Faded colors, obsolete look and loss of attractiveness for potential tenants 
x Malfunction of window hinges and locks rendering some windows out of order 
x Asbestos contents and related health risks 
x Glazing units failures, failures of fixing and seal elements, water leakages 
 
In addition to the issues assigned to the envelopes, these buildings also suffer in building services and related low 
level of user comfort: obsolete heating systems with poor control; outdated electric installations and water piping; 
malfunctioning or often non-existent HVAC systems; ad-hoc-made data infrastructures. 
Many of these buildings have been successfully renovated in the past 15 years [5], but significant portion of the 
building stock still waits for renovation. 
 
2.3. Typical solutions for curtain wall renovations 
 
A typical renovation of a building featuring light CWs in the Czech Republic follows one of these scenarios: 
 
x Low-cost scenario – application of a supplemental cladding (when existing framing is in good shape and capable 
of supporting additional layers) 
x Economic scenario – mullion walls made of light autoclaved aerated concrete bricks with external thermal 
insulation system (ETICS) and plastic windows 
x Standard scenario – complete removal of the existing CW and replacement by modern CW system 
The standard scenario is subject of further analysis. 
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3. Problem statement 
 
The above-listed standard scenario in the conditions of the Czech Republic usually translates into an installation 
of metal-based CWs (steel or aluminum-based). Metals have drawbacks in vulnerability to systematic thermal 
bridges due to their high thermal conductivity and significant environmental impacts. 
 
4. Solution 
 
4.1. Reducing embodied environmental impact 
 
The objective of the research was to find a technical solution, which would serve the same purpose as traditional 
metallic CW systems whilst having lower environmental impact and comparable or better thermal properties. Core 
requirements on environmental properties set: 
 
x Lower environmental impacts in comparison with conventional CWs 
x Over 50% of the mass to consist of renewable materials 
x Maximum utilization of local materials (produced in the country) 
x The CW production technology to generate minimum waste 
x Easy maintenance 
x Dismantling and recyclability of the CW to be as simple as possible 
 
Reduction of embodied environmental impacts of a building structures can be achieved either by reduction of 
amount of materials used or by substitution of current materials by others with lower environmental impacts, whilst 
keeping the main technical properties untouched or even improved. In this case the latter strategy has been followed. 
Research in new bio-based materials provided various material alternatives for use in CWs, which were further 
investigated and evaluated. 
 
4.2. Technical development of façade elements 
 
Technical development of the innovative façade elements based on natural materials has been made by a 
multidisciplinary team comprising structural engineers, building engineer, building physicist, experts on fire 
resistance, acoustics, air tightness, manufacturing of prefabricated timber elements and structures, and life cycle 
assessment. The design process has been iterative, step-by-step developing samples and continuously testing their 
properties. The research resulted in utilization of several advanced bio-based materials. ThermoWood, thermally 
modified wood with improved durability against decay well suited to applications involving demanding weather 
conditions (λd = 0,12 W/m2· K), has been used for exterior elements. Cork thermal insulation (λd = 0,064 W/m2· K), 
has been utilized for detailing in the window structure. The main structural elements of the façade panels were made 
of laminated veneer lumber (λd = 0,18 W/m2· K), engineered wood product that uses multiple layers of thin wood 
assembled with adhesives. Wood fibers were used as thermal insulation (λd = 0,038 W/m2· K). 
 
4.3. Final product 
 
The resulting product is panel-based CW system named Envilop – see Fig. 1 a). It is designed in two basic 
alternatives – with a window (transparent) and opaque – in width modules ranging between 1.2 and 1.8 meters; 
height can vary from 2.5 to 4.2 meters. The panels’ anchoring to the superstructure is designed in a way that all the 
modules are independent of each other and the design allows the panels to be installed quickly and it is also possible 
to deal with the entire load the CW has to bear. 
The panels are designed for flexibility in the external cladding layers options (any type of light double-skin 
ventilated facade cladding type can be used). Default options come with glass, wood, and fibre-cement cladding. 
Depending on the type of the thermal insulation material, the construction reaches mean thermal transmittance 
values ranging from 0.24 to 0.16 W/(m2.K) for thickness of 240 mm (depending on used type of thermal insulation). 
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Transparent panels are fitted with wooden windows Slavona Progression certified as class A by Passivhaus Institut; 
thermal transmittance of used triple glazing ranges from 0.70 to 0.54 W/(m2.K). Technical solution of the casement 
allows the window to be fitted without the frame visible from the exterior. For limitation of summer solar heat gains, 
the panels are equipped with motor-controlled venetian blinds in an imbedded lintel box, separated from the 
structure by a vacuum insulation panel or aerogel to limit a thermal bridge. 
 
 
 
Fig. 1. (a) Envilop panel structure, (b) Results of cradle-to-gate LCA analysis: comparison of wood–based and aluminum-based CW system in 
non-renewable primary energy input (PEInre); global warming potential (GWP); ozone depletion potential (ODP); acidification potential (AP); 
eutrophication potential (EP); and photochemical ozone creation potential (POCP). Aluminum-based CW is the reference level (100 %). 
 
There were developed also design alternatives utilizing active renewable energy components (photovoltaic 
panels, solar heat collectors, or hybrid PV-T panels) and units for de-centralized mechanical ventilation with heat 
recovery. Default options for the interior side finishing are gypsum boards or standard additional wall with a cavity 
for electrical wiring, data cabling or heating system elements. 
 
5. Analyses and laboratory testing of real performance 
 
5.1. Hygro-thermal analyses 
 
Set of 2-D dynamic simulations of both opaque and transparent panels and their crucial details have been 
performed. Special attention was given to the details with the highest potential for creation of systematic thermal 
bridges – horizontal and vertical joints of panels, box for rolled up blinds and installation of glazing units into 
window frames. 
 
5.2. Environmental assessment 
 
The main motivation for the development of the new generation CW was to achieve improved environmental 
performance in comparison with traditional metal-based CWs (SKANSKA LOP panel CW). The optimization and 
evaluation of environmental performance was based on a simplified LCA, which compared two panels – typical 
aluminium and the new wooden – with the same U-values. Thus the operational energy consumption and 
environmental performance of building operation are considered as equal and the main difference lays in embodied 
energy and embodied environmental loads. 
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5.2.1. Boundary conditions 
The LCA drawn up in this paper is a simplified LCA taking into account these boundary conditions: 
 
x Functional unit (FU) was 1 CW panel with of 3.3 (h) x 1.5 (w) meters with an integrated transparent part 
(window of 1.8 m2) and thermal performance expressed by thermal transmittance of U= 0.57 W/m2K. 
x Considered service life was 30 years for both alternatives and no replacement of materials was considered during 
the service life. 
x Reference flow was defined as the mass of construction materials needed for the creation of a FU with a service 
life of 30 years. Due to the lack of inventory data for window assemblies, data for individual materials in the 
windows were used. 
x Cradle-to-gate system boundaries were used – modules A1-A3 according to EN 15804 were included. 
x German EPDs (IBU) were the main data sources for input construction products (no LCI data available). 
x Applying cut-off rules ancillary materials were excluded. 
x The assembly processes of the final CW panel were not included. 
 
5.2.2. Life cycle impact assessment 
During the impact assessment step, environmental impacts were calculated on the basis of reference flows for 
both CW alternatives and the selected environmental indicators: Global warming potential (GWP [kgCO2,eq.]); 
Ozone depletion potential (ODP [kgCFC11,eq.]); Acidification potential (AP [kg SO2,eq.]); Eutrophication potential 
(EP [kg(PO4)3-,eq.]); Photochemical ozone creation potential (POCP [kg Ethene,eq.]) and Total use of non-renewable 
primary energy resources (PEInre,total [MJ]). 
 
5.2.3. Interpretation 
Results are shown in the chart on the Fig. 1 b). It is evident that wood-based CW achieves better results in all six 
parameters. The enormous difference in GWP is caused essentially by the biogenic carbon embodied in the wood- 
based materials, which is included in the LCIA calculations according to the product category rules (this issue 
makes a big difference and depends on the LCA methodology). 
During the development was important to find the main critical points in the environmental performance of the 
CWs. Therefore the contribution of different materials to the overall impacts of the CWs was studied. All 
environmental indicators of the wood-based CW are lower than in case of the aluminium-based variant and thus the 
wood-based CW has better environmental performance; therefore the objective of creating a structure, which is 
friendlier to the environment than the conventional aluminium-based CWs has been reached. 
 
5.3. Durability testing 
 
Envilop panels are subject to long-term testing. Four full-scale modules were manufactured and installed in a 
façade opening of 3 x 3 m in size. The installed modules are of two different compositions using: wood-fibre and 
vacuum insulation; and wood-fibre and aerogel insulation. Two modules placed above each other have the same 
composition, both bottom opaque panels have the same wooden cladding and the upper panels with glazing are 
equipped with photovoltaic panels and electric-run shading system. The installed samples face the natural outdoor 
environment on their exterior side and a simulated interior environment of conventional buildings on their interior 
side. The behaviour of the samples is monitored using temperature sensors, relative humidity sensors and weight of 
moisture sensors embedded in panels and in modules’ connections. The test started in November 2014 and is 
designed to run for at least 12 months to acquire the year-round data. 
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Fig. 2. (a) Installation of sensors into sample panels; (b) Installation of panels for long-term durability testing. 
 
5.4. Laboratory testing of acoustics and fire resistance 
 
The Envilop panels have undergone accredited tests in a professional acoustic chamber according to standards 
ČSN EN ISO 10140-1, 2 and 4 and ČSN EN ISO 717-1. The measured weighted airborne sound insulation RW (C; 
Ctr) of the opaque panels was 41 (-2; -6) dB and 38 (-2; -5) of the transparent panels (with triple-glazed wooden 
windows). Special fire resistant variant of the panel was designed by replacing interior and exterior wooden oriented 
strain boards by fire resistant boars; fire expansion tapes were installed into joints’ sealing. The measured fire 
resistances were 60 and 90 minutes EI(I>O) 60 DP3 and EI(I<O) 90 DP3 according to ČSN EN 1364-3:2014. 
 
6. Conclusions and future work 
 
The project proved that bio-based envelopes for buildings represent a viable alternative to the traditional metallic 
systems. Envilop has been recently offered for licensing by construction and installation companies and first 
negotiations of licensing contracts were initiated. The future development will continue with focus to reach high 
flexibility in shape and sizing, to improve external design and to integrate additional features. 
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